Constitutive and agonist-dependent homo-oligomerization of the thyrotropin-releasing hormone receptor. Detection in living cells using bioluminescence resonance energy transfer.
The ability of G-protein-coupled receptors (GPCRs) to interact to form new functional structures, either forming oligomers with themselves or forming associations with other intracellular proteins, has important implications for the regulation of cellular events; however, little is known about how this occurs. Here, we have employed a newly emerging technology, bioluminescence resonance energy transfer (BRET), used to study protein-protein interactions in living cells, to demonstrate that the thyrotropin-releasing hormone receptor (TRHR) forms constitutive homo-oligomers. This formation of TRHR homo-oligomers in the absence of ligand was shown by demonstration of an energy transfer between TRHR molecules fused to either donor, Renilla luciferase (Rluc) or acceptor, enhanced yellow fluorescent protein (EYFP) molecules. This interaction was shown to be specific, since energy transfer was not detected between co-expressed tagged TRHRs and either complementary tagged gonadotropin-releasing hormone (GnRH) or beta(2)-adrenergic receptors. Furthermore, generation of a BRET signal between the TRHRs could only be inhibited by co-expression of the wild-type TRHR and not by other GPCRs. Agonist stimulation led to a time- and dose-dependent increase in the amount of energy transfer. Inhibition of receptor internalization by co-expression of dynamin mutant K44A did not affect the interaction between TRHRs, suggesting that clustering of receptors within clathrin-coated pits is not sufficient for energy transfer to occur. BRET also provided evidence for the agonist-induced oligomerization of another GPCR, the GnRH receptor (GnRHR), and the presence of an agonist-induced interaction of the adaptor protein, beta-arrestin, with TRHR and the absence of an interaction of beta-arrestin with GnRHR. This study supports the usefulness of BRET as a powerful tool for studying GPCR aggregations and receptor/protein interactions in general and presents evidence that the functioning unit of TRHRs exists as homomeric complexes.